MAPPING ARRANGEMENT FOR DIGITAL COMMUNICATION SYSTEM 



Related Applications 

This application claims the benefit of U.S. 
Provisional Application No. 60/198,014, filed April 18, 
2000 and U.S. Provisional Application No. 60/255,476, 
filed December 13, 2000. 

Technical Field of the Invention 

The present invention relates to the 
transmission and/or reception of digital data. 

Background of the Invention 

The standard in the United States for the 
transmission of digital television signals is known as 
3 VSB data (ATSC Digital Television Standard A/53) . 
This 8 VSB data has a constellation consisting of eight 
possible symbol levels. in a VSB system, the eight 
possible symbol levels are all in the same phase. In a 
QAM system, however, the symbols are transmitted in 
phase quadrature relationship. 

The standard referred to above specifies the 
formatting and modulation of digital video and audio 
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data. The transmitted data is in the form of symbols 
with each symbol representing two bits of data that are 
trellis encoded into three bits of trellis encoded 
data. Each three bits of trellis encoded data are 
mapped into a symbol having a corresponding one of 
eight levels. Reed/Solomon, encoding and interleaving 
are also provided to increase the robustness of the 
transmitted information. 

Auxiliary data (data other than digital video 
or audio data) are also permitted to be transmitted in 
a digital television channel. These data are formatted 
and modulated according to the standard in the same 
manner as video and audio data. Receivers made in 
accordance with the 8 VSB standard are able to read 
packet identifications (PIDs) which allow the receivers 
to differentiate between audio, video, and auxiliary 
data . 

However, while the robustness of the 
transmitted digital television signals is sufficient 
for digital television reception, this robustness may 
not be sufficient for the transmission of auxiliary 
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data, particularly where the auxiliary data are 
critical. Accordingly, one of the applications of the 
present invention is the transmission of ^auxi^iary data 
in a VSB format^with outer encoding for added 
5 robustness. The auxiliary data transmitted in 

accordance with the application of the present 
invention are referred' to herein as robust VSB^data 
□ (RVSB.). . 

^ Summary of the Invention 

10 W In one aspect of the present invention, a 

j = ~ method comprises the following: receiving a digital 

.S35. 

1=^ signal, wherein the digital signal contains robust VSB 

data, and wherein the digital signal further contains a 
map permitting a receiver to process the robust VSB 
15 data, wherein- the robust VSB data contains a duplicate 

of the map; and, processing the robust VSB data and 
the duplicate of the m$p in response to the map. 

In another aspect of the present invention, 
an apparatus comprises a receiver, a decoder, and a 
20 processor. The receiver receives a digital signal, and 
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the digital signal contains a frame of first and second 
8 VSB data. The first and second 8 VSB data have 
different bit rates. The digital signal further 
contains a map, and the map contains information 
5 indicat ing a location of at least one of the fjirst and 

second 8 VS B data in th e frame . The decoder decodes 
fts the digital signal. The processor processes the first 

:s £ 8 VSB data according to the location information 

Lp contained in the map. 

10 « In yet another aspect of the present inven- 

LE tion, an electrical signal, comprises' a map, first data 

Uf symbols, and second data symbols. The first and second 

M< data symbols have the same constellation, the fir^^arid 

second data symbol s, have different bit rates, wherein 



15 the first and second data symbols are intermixed in a 

data frame, and the map contains information indicating 
a location of at least one of the first and second 8 
VSB data in the electrical signal. 

In a further aspect of the present invention, 

20 an apparatus comprises a receiver, a decoder, and a 

processor. The receiver receives a digital signal, and 

-4- 
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the digital signal contains a frame of first and second 
8 VSB data. The first and second 8 VSB data have the 
same constellation, and the first and second 8 VSB data 
have different bit rates. The digital signal further 
contains a map, and the map contains information 
indicating a location of the first 8 VSB data in the 
frame. The decoder decodes the 1 digital signal. The 
processor discards the second VSB data and processes 
the first 8 VSB data. 

In still a further aspect of the present 
invention, an apparatus comprises a receiver and first 
and second processors. The receiver receives a digital 
signal, and the digital signal contains a frame of 
robust VSB data, ATSC data, or both. At least the ATSC 
data has PID numbers associated therewith. The digital 
signal further contains a map, and the map contains 
information indicating a location of the robust VSB 
data in the frame. The first processor processes the 
robust VSB data based upon the map. The second 
processor processes the ATSC data based upon PID 
numbers . 
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Brief Description of the Drawing 

These and other features and advantages will 
become more apparent from a detailed consideration of 
the invention when taken in conjunction with the draw- 
5 ing in which: 

Figure 1 shows a robust VSB transmitter for 
]~ transmitting robust VSB data and ATSC data in 

1= S accordance with the present invention; 

m ? 

; a S Figure 2 shows a standard ATSC receiver for 

10 receiving the ATSC data transmitted by the robust VSB 

Try transmitter of Figure 1; 

j s s Figure 3 shows a robust VSB receiver for 

TI receiving the robust VSB data transmitted by the robust 

VSB transmitter of Figure 1; 
15 Figure 4 shows the 2/3 rate encoder of Figure 

1 in additional detail; 

Figure 5 shows the mapping function performed 
by the mapper of Figure 4; 

Figure 6 shows the operation of the 2/3 rate 
20 decoders of Figures 2 and 3; 
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be transmitted by a robust VSB transmitter according to 
the present invention; 

Figure 14 shows an example of four data 
segments containing 3/4 rate outer coded data that may 
be transmitted by a robust VSB transmitter according to 
the present invention; 

Figure 15 shows the interleavers (I r ) of 
Figures 1, 9, and 11 in more detail; 

Figure 16 shows the deinterleavers (D r ) of 
Figures 3 and 9 in more detail;. 

Figure 17 shows a map definition structure of 
a first robust VSB data packet of a frame; 

Figure 18 shows a portion of the frame sync 
segment of a frame that carries a map indicating where 
in the frame robust VSB data can be found; 

Figure 19 illustrates an enhanced slice 
predictor according to one embodiment of the present 
invention; 

Figure 20 shows the trellis for the inner 
decoder of Figure 19; 
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Figure 21 shows possible state transitions 
for the outer decoder of Figure 19; and, 

Figure 22 illustrates an enhanced slice 
predictor according to another embodiment of the 
present invention . 

Detailed Description 

RVSB and ATSC Data Transmission and Reception 

Figure 1 shows a robust VSB transmitter 10 
that transmits both ATSC data and robust VSB data in 
accordance with one embodiment of the present 
invention. Figure 2 shows a standard ATSC receiver 12 
that receives the ATSC data transmitted by the robust 
VSB transmitter 10, and Figure 3 shows a robust VSB 
receiver 14 that receives the robust VSB data 
transmitted by the robust VSB transmitter 10. 

The robust VSB transmitter 10 includes a 
Reed/Solomon encoder 16 that encodes uncoded auxiliary 
data bytes by adding Reed/Solomon parity bytes to the 
uncoded auxiliary data bytes. The uncoded auxiliary 
data bytes and the Reed/Solomon parity bytes are 
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which have not been coded by the outer coder 20) . The 
standard ATSC receiver 12 reads the PID's of all 
packets and, at 40, discards those packets having the 
PID's of robust VSB data. The standard ATSC receiver 
12 also includes a slice predictor 42 (such as the 
slice- predictor disclosed in U.S. Patent No . 5 , 923 , 711) 
which is responsive to the inner decoded data and which 
provides an output back to a phase tracker and/or 
equalizer, as is known in the art. 

The robust VSB data packets can be received, 
decoded, and processed by a robust VSB receiver such as 
the robust VSB receiver'. 14 shown in Figure 3. As is 
known, and as shown in Figure 4, the 2/3 rate inner 
encoder 32 of the ATSC transmitter. 26 includes a 
precoder 44 and a four state trellis encoder 46. In 
combination, the precoder 44 and the four state trellis 
encoder 46 may be viewed as an eight state coder that 
produces three trellis encoded output bits (Z0 Zl Z2) 
for every two input bits (XI X2) . A mapper 4 8 maps the 
three trellis encoded output bits to a symbol having 
one of eight levels as shown in Figure 5. As is well 
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known from convolutional code theory, the operation of 
the precoder 44 and the. four state trellis encoder 46 
may be viewed as an eight state 4-ary trellis. 

Therefore, in. the robust VSB receiver 14, a 
2/3 rate inner decoder 50 may operate on an eight state 
4-ary trellis" which views the precoder 44 and the four 
state trellis encoder 46 of the' 2/3 rate inner encoder" 
32 in combination as shown in Figure 6 to produce a 
soft output decision (using, for example, the SSA 
algorithm as described, in "Optimum Soft Output 
Detection for Channels with Intersymbol Interference," 
Li, Vucetic, and Sato, IEEE Transactions on Information 
Theory, May, 1995) . This soft decision making 
operation is more complicated than the widely used 
Viterbi algorithm, which produces a hard decision 
output, but the soft decision making operation more 
fully takes advantage of the coding gain provided by 
the outer coder 20. 

The output of the 2/3 rate inner decoder 50 
is deinterleaved by a deinterleaver 52. The robust VSB 
receiver 14 reads the PID's, of all packets at the 
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data can be used, for example, by a slice predictor 66 
to create reliable feedback to a phase tracker and/or 
equalizer.. However, the overall feedback delay 
introduced by the deinterleaver 52 and the interleaver 
62 in the robust VSB- receiver 14 is generally too long 
.to provide useful feedback to the phase tracker and/or 
equalizer . 



avoids the feedback delay introduced by the 
deinterleaver 52 and the interleaver 62 of the robust 
VSB receiver 14 . Figure 7 shows a robust VSB 
transmitter 80 in which uncoded auxiliary data bytes 
are encoded by a Reed/Solomon encoder 82 which adds 
Reed/Solomon parity bytes to the. uncoded auxiliary data 
bytes. The uncoded auxiliary data bytes and the 
Reed/Solomon parity bytes are interleaved by an 
interleaver 84. Then, the interleaved uncoded 
auxiliary data bytes and Reed/Solomon parity bytes are 
bitwise encoded by an outer coder 86 using either a 
convolutional code or a turbo product code, as 
discussed above. The bitwise output of the outer coder 



The arrangement shown in Figures 7, 8, and 9 
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comprises normally ordered robust VSB data, with 
reordered ATSC data, transport headers, and ATSC 
Reed/Solomon parity symbols dispersed within the robust 
VSB data at locations indicated by a discard control 
line 134 discussed below. A discard block 136, under 
control of the .discard-control, line. 134, discards the 
reordered • ATSC ' data, transport headers,' and ATSC 
Reed/Solomon parity symbols. 

A small block deinterleaver 138 deinterleaves 
the robust VSB data. The small block deinterleaver 138 
has a relatively low delay time. This deinterleaving 
disperses possible burst errors in the robust VSB data 
at the output of the soft output twelve way 2/3 rate 
inner decoder 132. The normally ordered robust VSB 

.data is bitwise decoded by an outer decoder 14 0 which 
also packs the robust VSB data into bytes. The amp 
information telling the outer decoder 14 0 what decoding 
rate to use on what data is provided to the outer 

.decoder 140 at an R^p Data input. Neither the 
deinterleaver 52 nor the interleaver 62 is needed in 
the robust VSB receiver 13 0 allowing for lower overall 
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feedback delay to the phase tracker and/or equalizer. 
The outer decoded data can be used, for example, by an •. 
enhanced slice predictor 14-2 to generate feedback to 
the phase tracker and/or equalizer. If desired, the 
feedback may be gated, or the step size of the 
equalizer gradient algorithm adjusted, proportionally to. 
the reliability of' the decoded data.* 

The robust VSB data packet payload decoded by 
the outer decoder 140 is deinterleaved by a 
deinterleaver 144 (which is the inverse of the' 
interleaver 84) and is Reed/Solomon decoded by a 
Reed/Solomon decoder 146 (corresponding to the 
Reed/Solomon encoder 82) in order to reconstruct the 
original uncoded auxiliary data supplied to the 
Reed/Solomon encoder 82 of Figure 7. 

As provided in the ATSC standard, a frame 
comprises a plurality of segments each containing a 
predetermined number of bytes. The first segment of a 
frame is a frame sync segment, and the remaining 
segments in the frame are data segments. Although 
robust VSB data can be transmitted in segments or in 
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VSB data dummy segment , : the dummy segment generator 150 
sets the transport header and ATSC Reed/Solomon parity 
bytes to FF. The dummy segment generator 150 sets the 
rest of the bytes of each robust VSB data dummy segment 
to 00. 

These dummy segments are fed by the dummy 
segment generator 150 to an ATSC convolutional byte* 
interleaver 152 whose output is then used to control 
the discard block 136 which then responds to the FF and 
00 codes to correctly discard the reordered ATSC data, 
the transport headers, ; and the ATSC Reed/Solomon parity 
data which are interleaved within the received data 
■stream. The discard block 136, thus,* passes only the 
robust VSB data. 

Figure 11 shows a multiple -outer code robust 
VSB transmitter 160. The robust VSB transmitter 160 
operates similarly to the robust VSB transmitter 80 of 
Figure 7. The robust VSB transmitter 160 has a first 
Reed/Solomon encoder 162 which encodes first uncoded 
auxiliary data by adding Reed/Solomon parity bytes to 
the first uncoded auxiliary data, a second Reed/Solomon 
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encoder 164 which encodes second uncoded auxiliary data 
by adding Reed/Solomon parity bytes to the second 
uncoded auxiliary data./, and a third Reed/Solomon 
■encoder 166 which encodes third uncoded auxiliary data 
bytes by adding Reed/Solomon parity bytes to the third 
uncoded auxiliary data. . The Reed/Solomon encoded first 
uncoded auxiliary data are interleaved by a first 
•interleaver 168, the Reed/Solomon encoded second 
uncoded auxiliary data are interleaved by a second 
interleaver 170, and the Reed/Solomon encoded third 
uncoded auxiliary data ; are interleaved by a third 
interleaver 172. Then, the interleaved Reed/Solomon 
.encoded first uncoded auxiliary data are bitwise 
encoded by a first outer coder 174, the interleaved 
15 Reed/Solomon encoded second uncoded auxiliary data, are 

bitwise encoded by a second outer coder 176, and the 
interleaved Reed/Solomon encoded third uncoded 
.auxiliary data are bitwise encoded by a third outer 
coder 178. The bitwise output of the first outer coder 
20 174 is interleaved by a first small block interleaver 

180, the bitwise output of the second outer coder 176 
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Docket 

attorney 



10 ^ 



a s econd small ^ lS 

drhe ^ec^° £ ^interlea- 

interleaved der . n* der , 

first outer rat e 
The tir lT fivxs a ^ : 

t ,^^ c °* ,,.,..^«» eo * r '' r 

C ° deI ' , outer coder ' hesecr . other out« 

. tVie thWd out thes e ...The 

alt ***«* 0 aiu g «- blri ««» 

aers usiug dlt " ae cor.d, a» d CB 

data outputs an dK> *1* 

. „Tle»vers « sele ct ">v 

•block rut control or ,. 

. le «r 1» 6 und „ , h e di«e« ntlV 

- ltl?1 the order i* *** „ bs 

• — TOinSS . verted i»» «* "\ rf ^ „ultiP— 
coded data cCbe outP^ before, 

T he dat:<* vjhicn, 
transited, • R<J ata In--- 

referred to data . 

186 allY ordered ^ 

r^r- normals mult^ 
stands tor itiput3 of * a 

1M >* r havin g of- 

_ c £ or» S t P«** s nuwb er tor 

ieC6iVe oort header ^ 

. VS B data, lace holde* 
robust Vb ^ wmy plac e 

20 an d twenty 

VSB data, 



Attorney Docket 
7174B 

Reed/Solomon parity data. The robust VSB data at the 
topmost input of the. multiplexer. 190 correspond to 1/4 
rate coded data from the first outer coder 174, the 
robust VSB data at the* next input of the multiplexer 
190 correspond to 1/2 rate coded* data from the second 
outer coder 176, and . the robust VSB data at the next 
input of the multiplexer 190 correspond to 3/4' rate 
coded data from the third outer coder 178 . The data 
supplied to the bottommost input, of the multiplexer 190 
comprises' ATSC format dummy . packets each having 207 
bytes of dummy ATSC data. These dummy ATSC data 
packets serve as placeholders for the real ATSC data 
packets to be added downstream of the multiplexer 190. 
The inputs to the multiplexer 190 may be selected on a 
packet by packet basis in accordance with the input on 
a select line. This selection is based on the robust 
VSB data map to be described below. 

The output of the . multiplexer 190 is 
interleaved by an interleaver 192 in order to achieve a 
correct ATSC convolutional interleave. A data replacer 
194 receives both the output of the interleaver 192 and 
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the output of the multiplexer 186. The data replacer 
194 replaces each dummy robust VSB data placeholder 
byte from the multiplexer 190 with the next 
corresponding normally ordered robust VSB data byte 
from the multiplexer 186. 



normally ordered robust VSB data, (which is. 1/4 rate 
coded, 1/2 rate coded, and/or 3/4 rate coded, as 
appropriate) with interspersed transport headers, dummy 
ATSC Reed/Solomon parity bytes, and dummy ATSC* data 
packet bytes. A convolutional byte deinterleaver 196 
(as described in the ATSC Standard) deinterleaves the 
output of ■ the data replacer 194 to- thus effectively 
"repacketize" the data as packets of transport headers, 
reordered robust VSB data (1/4, 1/2, and/or 3/4 rate 
coded) , dummy ATSC Reed/Solomon parity bytes, and dummy 
packets of ATSC data. The reordering of the normally 
ordered robust VSB data results from. the deinterleaving 
of the deinterleaver 196. 

The dummy ATSC Reed/Solomon parity bytes (20 
per packet) and the dummy ATSC data packets (2 07 bytes 
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per packet) are discarded at 198 in a manner similar to 
that provided by the discard control line 134 and the 
discard block 136 of Figure 9. The remaining robust 
VSB packets, each including a transport header and 
reordered robust VSB data, are multiplexed by a 
multiplexer 200 with real ATSC data packets each 
containing 187 bytes of a transport header.' and ATSC 
data. Either input to the multiplexer 200 may be 
selected on a packet by. packet basis and is supplied to 
an ATSC transmitter 202. The selection by the 
multiplexer 200 of which input to pass to the ATSC 
transmitter 202 is based on the robust VSB map to be 
described hereinafter. 

The ATSC transmitter 202 typically includes a 
Reed/Solomon encoder 2 04, an interleaver 206, and a 
twelve way 2/3 rate inner encoder 208 all operating in 1 
accordance with the ATSC standard. The Reed/ Solomon 
encoder 2 04 outputs packets of transport headers , 
reordered robust VSB data, and ATSC Reed/Solomon parity 
bytes multiplexed with packets of transport headers, 
ATSC data, and ATSC Reed/Solomon parity bytes. The 
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ATSC Reed/Solomon parity bytes for the robust VSB data 
are calculated, based on the reordered robust VSB data. 
Moreover, the interleaver 2 06 changes the ordering of 
the robust VSB data so that the robust VSB data at the 
output of the interleaver 2 06 are again normally 
ordered robust VSB data-; ; .Also, • the interleaver. 206 
disperses the transport 1 header bytes/ *the ATSC . 
Reed/Solomon parity bytes, and the ATSC data. These 
data .are 2/3 rate coded.- by the twelve way 2/3 rate 
inner encoder 208 and are transmitted. The transmitted 
robust VSB data are in normal order, i.e., the order 
provided at the output of the multiplexer 186. This <: 
normal data order permits the robust VSB receiver to 
avoid the delay caused by the deinterleaver 52 and the 
interleaver 62. 



frame sync segment and a plurality of data segments 
and, for convenience, robust VSB data are packed into 
groups of four segments. More specifically, Figure 12 
shows an example of four data segments that may be used 
in a frame to transmit robust VSB data that is 1/2 rate 



As discussed above, an ATSC frame comprises a 



-30- 



Attorney Docket 
7174B 



coded, Figure 13 shows an example of four data, segments 
that may be used in a frame to transmit robust VSB. data 
that is 1/4 rate coded, and- Figure 14 shows an example 
of four data segments that may be used in a frame to 
transmit robust VSB data that is . 3/4 rate coded. These 
examples represent the. frame prior* to. the . interleaver 
108 and assume that, each group of four robust. VSB data 
segments contains an integral number of robust 
Reed/Solomon encoded blocks. each of which is 184 bytes 
long, of which twenty bytes are parity bytes. 

For the case of a 1/2 rate outer code, Figure 
12 shows that the outer coder outputs two bits for each 
input bit. A robust VSB data packet is packed as one 
RVSB Reed-Solomon block to a 1 pair of data segments (one 
bit per symbol) so that, for a 1/2 rate outer code, 
four segments contain two robust Reed/Solomon encoded 
blocks. As shown in Figure 13, for the case of a 1/4 
rate outer code, the outer coder outputs four bits for 
each input bit. Robust VSB data is packed as one RVSB 
Reed-Solomon block for every four data segments (1/2 
bit per symbol) so that, for a 1/4 rate outer code, 
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four segments contain one robust Reed/Solomon encoded 
block. As shown in. Figure 14,. for the case of a 3/4 
rate outer code, the outer coder outputs four bits for 
each three input bits. In this case, transmitted 
5 symbol and byte boundaries do not always match. 

n However, three . complete. RVSB Reed-Solomon blocks will 

i=g pack exactly. into four data segments- (1.5 bits per 

_p symbol) so that, for a 3/4 rate outer code, four 

; Li: 

i;p segments contain three robust Reed/Solomon encoded 

10 3 blocks . 

UJ Accordingly, Figures 12, 13, and 14 can be 

vj represented by the following table: 



s 


X 


Y 


1/2 


1 


2 ■ 


1/4 


1 


4 


3/4 . 


3 


4 



where X represents the number of complete robust 
Reed/Solomon encoded blocks and Y represents the number 
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of frame segments required to contain the corresponding 
number X of robust Reed/Solomon encoded blocks. 

However, it should be understood that other 
coding rates can be used in conjunction with the 
present invention and, therefore, the above table will 
change depending upon the particular coding rates that 
are used. 

The interleavers 18, 84, 16.8, 170, and 172 
are shown in more detail in Figure 15, and the 
deinterleavers 58 and 144 are shown in more detail in 
Figure 16, assuming that a robust Reed/Solomon encoded 
block is chosen to be 184 bytes long.- The interleavers ' 
18, 84, 168, 170, and 172 are B = 46, M = 4, N = 184 
convolutional interleavers that byte wise interleave 
the robust VSB data. This interleaving scheme is the 
same as the ATSC interleaver scheme described in the 
ATSC Digital Television Standard. A/53 and the Guide to 
the Use of the ATSC digital Television Standard A/54, 
except that the B parameter for the robust interleaver 
is 46 instead of 52 and the parameter N is 184 instead 
of 208. This interleaver is needed so that a robust 
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VSB receiver can cope with long bursts of noise on the 
channel even though the ATSC deinterleaver (D a ) is 
bypassed as shown in Figure -9. 

As shown in Figure 16, the deinterleavers 58 
5- and 144. are B = 46, 3X1 = 4, N = 184 convolut ional 

□ deinterleavers that, byte wise. deinterleave the robust 

0@ VSB data. This deinterleaving scheme is also the same 

. as the ATSC deinterleaver scheme described in the ATSC 
^jj: Digital Television Standard A/53 and the G.uide to the 

lOL. Use of the ATSC digital Television Standard A/54, 

' except that the B parameter -for the robust 

deinterleaver is 46 instead of 52- and. the parameter N 
p ~ is 184 instead of 208. 

Because a robust VSB Reed/Solomon block 
15 comprises 184 bytes, and because an integral number of 

robust VSB Reed/Solomon . blocks are in a data frame, the 
number of robust VSB data bytes plus robust VSB 
Reed/Solomon parity bytes in a data frame is always 
evenly divisible by 46. Therefore, the frame sync 
2 0 segment can be used as a synchronizer for the 

deinterleavers 58 and 144 (D r ) in the receiver, 

-34- 



Attorney Docket 
7174B 

regardless of the value of G (to be described below) . 
At frame sync, the deinterleaver commutators are forced 
to the top positions. The deinterleavers 58 and 144 
are byte wise deinterleavers. 

Data Mapping 
As discussed above, each data frame may 
contain a mix of robust VSB data segments and ATSC 
(non-robustly coded) data segments. Moreover ," the 
robust VSB data may contain data coded with a mix of 
coding rates. The robust VSB receiver 14 or 130 must 
have a robust _VSB map thajt indicates jwhich segments are 
robust_ySB^ coded and which_outer code is used for the 
robust _VSB cojd^g_s^that t _the robust VSB receiver 14 or 
13 0 can correctly^ process ^he jr^^st^ 

discard the ATSC data- The robust VSB transmitters 10, 
80, and 160 also use the robust VSB map to control 
their corresponding multiplexing and discard functions. 
This robust VSB map is transmitted by t,he robust VSB 
transmitter 10, 80, or 160 to the robust VSB receiver 
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14 or 130 along with all the other data in a manner 
described below. 

The presence, amount, and location of the 
robust VSB data in a data frame ' encoded with a 
particular outer code are indicated by one or more 
numbers 3 C that appear as two level data in the frame 
sync segment of the data frame. As is known, the frame- 
sync segment is the first segment in a frame. So, for 
the outer codes described above (1/4 rate, 1/2 rate, 
and 3/4 rate) , the frame sync segment should preferably 
contain [S 1/4 S 1/2 S 3 / 4 ] . Each S c (such as S 1/4 or S 1/2 or * 
S 3 / 4 ) is encoded as eighteen symbols (bits) of two 
level data. For all three codes, a total of 3 x 18. = 
54 symbols are needed as a definition of the robust VSB 
map. These symbols are inserted into the reserved area 
near the end of each frame sync segment (just before 
the twelve precoding bits) . For each group of eighteen 
bits (b 18 . . . b x ) , the last six bits (b 6 . . . b x ) 
represent the number G of groups of eight segments (8 
segments =2, 4 or 6 robust VSB data packets depending 
on the outer code) mapped as robust VSB data in the 
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current frame. The twelve preceding bits are for comb 
filter compensation (see the Guide to the Use of the 
ATSC digital Television Standard A/54) . Accordingly, 
as shown in Figure 18, bits b 6 . ■ . . b x represent the 

5 number G, bits b 18 . . b 13 are the complement of bits 

b 6 . . . b 1; and bits b 12 ■• . . . b r can be alternating +1 ■ 

% if .and -1 (or any other pattern) . 

J Let it be assumed that S = S 1/4 + S 1/2 + S 3/4- 

Because 312/8 = 39,. 0-39 groups of eight segments can 
10 !U be mapped as robust VSB data or 8 VSB data (ATSC data) . 

il Therefore, each S c may have a value of 0 . . . 3 9, as 

}~ long as their sum S is < 39. 

The robust VSB data segments are preferably 
distributed as uniformly as possible over the data 
15 frame-. For example., if S = 1, then the following eight 

segments are mapped as robust VSB data segments and all 
other segments are mapped as ATSC data segments: 1, 
40, 79, 118, .157, 196, 235, and 274. If S = 2, then 
the following sixteen segments are mapped as robust VSB 
20 data . segments and all other segments are mapped as ATSC 

data segments: 1, 20, 39, 58, 77, 96, 115, 134, 153, 
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172, 191, 210, 229, 248., 267, and 286. These examples 
continue until S = 39, where the whole data frame is 
mapped as robust VSB data segments. For some values of 
S, the spacing between robust VSB data segment pairs is 
not perfectly uniform. However, for any value of S, 
the spacing is- fixed in. -advanced, and, therefore, known 
to all receivers. 

If a frame contains robust VSB data provided 
by three outer coders operating at 1/4 rate, 1/2 rate, 
and 3/4 rate, then the data from these three outer 
coders may be divided in a frame such that, as to RVSB 
segments, the first 8 x S1/4 segments contain the X A 
rate outer coded data, the next 8 x S^2 segments 
contain the M rate outer coded data, and the last 8 x 
S3/4 segments contain the K rate outer coded data. 
However, other robust VSB data segment organizations 
are possible for these three outer coders or for any 
number of other types of outer coders. 

Because this robust VSB map is contained in 
the frame sync segment, as discussed above, the robust 
VSB map does not enjoy the same level of coding gain as 
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the robust VSB data. However, the robust VSB map may 
still be reliably acquired by a robust VSB receiver by 
correlating the robust VSB map over some number of 
frames. Therefore, the robust VSB map should not 
■change too of ten . (for example, not more often .than 
every -60. frames) . 

The above mapping method allows a receiver to 
reliably and simply acquire the robust VSB map by 
correlation. Once a receiver has acquired the map, it 
is desirable for the receiver to instantly and reliably 
track changes in the map. In order to instantly and 
reliably track changes in the map, the definition in 
the robust VSB map for each outer code, excluding the 
comb compensation bits, is duplicated in the first 
robust VSB Reed/Solomon encoded block of the frame. In 
addition, there is data indicating (i) when in the 
future the map will change _and (ii) the future new map 
definition. The first, robust VSB data packet of a 
frame for an outer coder, therefore, has the structure* 
shown in Figure 17, where the robust VSB map definition 
data is given by the following: eight bits designating 
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the current map (only six of these bits are used) ; 
eight bits designating the number of frames until the 
map changes (1-125; if 0, then no change coming); 
and, eight bits designating the next map (again, only 
six of these bits are used) . The remaining portion of 
the first robust VSB data packet^ is data. The first 
RVSB segment in a frame. for a respective cuter coder 
has the arrangement shown Figure 17. 



using reliable robust VSB data. Even if a burst error 
destroys a number of the frames, the receiver can keep 
its own fr-ame countdown . using the number of frames read 
..from a previously received frame. If the receiver 
finds at any time that the definition for an outer code . 
previously acquired by the frame sync correlation does 
not match the definition for that outer code in the 
first robust VSB data segment, the receiver should 
restart its map acquisition process.. 

RVSB Enhanced Slice Predi c tion and Equalizer Feedback 



In this way, a receiver can track map changes 
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ATSC 8 VSB receivers make important use of 
adaptive equalization and phase tracking as explained 
in the ATSC Digital Television . Standard A/53 published 
by the Advanced Television Systems Committee, in the 
Guide .to the Use of. the ATSC -Digital Television 
Standard A/54,, also published .by . the. Advanced 
Television Systems Committee. RVSB as described above 
has features that allow for improvements in adaptive 
equalization and phase tracking. 

One such imprcvemeht results from feeding 
back delayed reliable estimates of the input symbol 
level to the adaptive equalizer and/or phase tracker 
based on a sequence estimation from an enhanced Viterbi / 
Algorithm. (See "The Viterbi Algorithm," G. D. Forney, . 
Jr., Proc. IEEE, vol 61/ pp. 268-278, March, 1973). 
This type of feedback avoids the need for "re- 
encoding," which has a state initialization problem. 

U.S. Patent No. 5,923,711, entitled "Slice 
Predictor for a Signal Receiver," discloses an ATSC 8 
VSB receiver which utilizes a slice predictor in order 
to provide more reliable feedback to the phase tracker 
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li7er Th i S feedback can be made even 
or adaptive equalizer. - Thi 

u _ j .i ic e predictor system 300 
mQ re reliable by a enhanced -lice p 

• pioure 19. The .enhanced. slice predictor 
shown m Figure xs». 

xh e slice- prediction output -fro. the inner 

, . 1at to that described 
, = T>anne T " similar l.j 

decoder 302 works in a mannt. 

j tt o Patent No. 5,923,711. As 
, n the aforementioned U.S. Paten 

gained above, the inner decoder 30, i— « ^ 
state .ar, treilis that rncludes aprecode, : Based on 
ch e best path metrrc at the current t i.e t, the sUce 

, »t time t. ■ Then, based on the next 
■likely state at time u. 

po ssible pair o £ states, .our possible predated input 

v pvamole as shown by the inner 
are selected. For example, 

r,- .p jc if the most likely state 
decoder trellis in Figure 20, 

■ tisstate.one,.thenextstateise[l5 2 6]. 
at time t is st<*t= 

t- Tpvel at time t + 1 may be - 
Therefore, the next input level 
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.3 or+ 5. These next input levels correspond 

7 ' +1 ' ' • no 10 01, and 11, respectively- 

to decoded bit- pairs 00, 10, 0 , 

,- he best path metric for cne .current ti.e t for the 

-of this -trellis is shown 
ii-io A oortron of tnib uc 
respective trellis. A P° 

,-o-r rl^coder and may be . ■ 
o fo r an. exemplary outer- decoae 

in Fiqure .21 i OI - an 

, all three outer codes. *> shown 
applied generally to all thx.ee 

iKle outer decoder input bit 
in Figure 21, two possible oute 

,i«tt 1- based on the next 
oairs are selected for the time t 

possible pair of states. By way of example^ the ^ 
possible outer decoder input brt pairs may be U or 0 
The bit pair chosen by the outer decoder 304 is sent to ; 

• chancer 306 which selects amplitude 
a prediction enhancer 

f the set of four levels previously., 
ievels + 5 or -3 from the set 

se ,cted by the slice predictor of the inner decoder 

j'^*-non for time t + J- • 
302 as the enhanced slice prediction 

e the slice prediction of the inner decoder 302 

Because tne sn^ t 
. near Z ero delay, but because the outer decoder 30, 

t operate on the same sy^ol until after the inner 
09 . ded a decoded soft output, a delay 

decoder 302 has provided a aecod 

a delay time slightly greater than 
module 308 provides a delay 
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the traceback delay time of the inner decoder 302. The 
slice prediction provided by the prediction enhancer 
306 may be supplied as feedback to an equalizer of 
phase tracker 310. 

With some additional delay time,, the outer 
decoder, 304 can make a final. hard decision and select a 
single most likely input bit pair for time t + 1.. For 
example, if 11 is found to be the most likely input bit 
pair to the outer decoder 304 as determined by its 
Viterbi Algorithm, this information is sent by the 
outer decoder 304 to the prediction enhancer 306 which 
then chooses +5 from the set of four levels and 
corresponding bit pairs already selected by the slice 
predictor of the inner decoder 302. The outer code can 
be a convolutional code or other. type of error- 
correction code. The predictor enhancer 306 is 
disabled during the periods of time when ATSC data is 
being received. 

A feedback enhanced maximum likelihood 
sequence estimator (MLSE) slice predictor system 320 
uses the Viterbi Algorithm and is shown in Figure 22 



Attorney Docket 
7174B 



, narts of an RVSB receiver. 
_ h nth er relevant parts o 
along with other m 32Q 

, danced MLSE slice predictor y 
feedback enhanced ^ ^ 

n inner decoder 322. and an outer 
^ 3 larly to the ,nner. decoder 302 and the 

operate similarly of 

, 3 o4 described above. 

outer decoder 30 „ uC o£ the inner decoder - 

v. .lice prediction output, or 
usl „ g Ch e.. 3 lrce- .P config ured- to 

3Q2 , an enh anced *« module 32* 

uce the usual Viterbi *gorith» on the 

execute tne de 

trellis (the same trein 

322 including the precoder), 

32 ' ^ i~ 7?6 selects as its 

The enhanced MLSE. module 326 

. y (i) t ^e noisy eight level received 
next input either (a) 

. vw * delay module 328 it 
signal as delayed by a delay 

wo or (ii) the blt P 
• lt is a non-RVSB symbol or U 

xnput an or soft) 

«f the outer decoder si* 
decision output of d ^ 

• ™,t is a RVSB symbol. Tne 
if the next input xS 1 

, this selection according ^ tn 
module 326 makes this s-i 

• „ -in the RVSB map. 
by sy*ol informal m d 

The enhanced MLSE module 326 

v, i, as its slice prediction, and 
eight possible symbols as 



-45- 



Attorney Docket 
7174B 

this slice prediction (symbol decision) is provided by 
the enhanced MLSE module 326 as feedback to an 
equalizer or phase tracker 330. 

The enhanced MLSE module 326 should follow a 
more correct path through the eight state- .trellis than 
does the inner decoder 322 because the enhanced* MLSE. 
module 326 gets more reliable input from the. outer, 
decoder 324 when an RVSB symbol is available. 

The output of the enhanced MLSE module 326 
may be a hard slice decision. or a soft level. Also, 
any symbol reliability indication from the inner 
decoder 322 or the outer decoder 324 may be used to 
change the step size of the equalizer LMS algorithm. 
(See the Guide to the Use of the ATSC Digital 
Television. Standard A/54.) 

An optional predetermined coded training 
sequence may be included in a specified portion of the 
first RVSB segment of a data field. This sequence is 
known in advance by both the transmitter and receiver. 
During the time the decoded training sequence is output 
from the outer decoder 324, the input to the enhanced 
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MLSE module 326 is switched to a stored version of the 
decoded training sequence. 

Certain modifications of the present 
invention have been discussed above. Other 
modifications will occur to those practicing in the art 
of the present .invention: For. example, although 'the* 
standard ATSC receiver* 12 and the robust VSB receiver 
14 are shown above as separate receivers, the functions . 
of the standard ATSC receiver 12 and the robust VSB 
receiver 14 can be combined in two data paths of a 
single receiver capable, of decoding both types of data 
(ATSC data and robust VSB data) . 

Accordingly, the description of the present 
invention is to be construed as illustrative only and 
is for the purpose of teaching those skilled in the art 
the best mode of carrying out the invention. The 
details may be varied substantially without departing 
from the spirit of the invention, and the exclusive, use 
of all modifications which are within the scope of the 
appended claims is reserved. 



